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Abstract 
The present study investigated additional deficits beyond the documented problems of phonological processing in developmental 
dyslexia, concerning possible perceptual–motor automaticity and working memory (WM) ability. The participants consisted of 
30 normal and 30 dyslexic children. A battery of intelligence, psychopathology, RAN-digit, short term memory (STM) and WM 
were administered to both groups, in addition to phonological ability and reading comprehension tests. Dyslexic children 
obtained significantly lower phonological awareness, RAN-digit speed, STM and WM scores. Working memory but not RAN-
digit predicted reading ability beyond phonological awareness. The findings are discussed based on the existing heterogeneity 
within dyslexia. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Dyslexia is the most common and most important neurobehavioral kind of reading disability among children, 
characterized by difficulty in word decoding, low ability in phonological processing skills and different problems in 
various forms of written language and, in most cases, these problems coexist with the presence of unexpectedly high 
cognitive abilities like intelligence and academic achievement (Miles, 1995).  
One major approach in the study of the causes of dyslexia recognizes the notion that a deficit in the phonological 
component is the main disorder in dyslexia, and emphasizes a parsimonious account based on a single, broadly 
conceived phonological core deficit that is sufficient to explain the poor reading ability. The Phonological Model 
(Shaywitz et al., 2003; Shaywitz & Shaywitz, 2005, 2007) assumes that a deficit of language functioning at the 
lowest level (phonemes) blocks the accessibility to higher processing components resulting in the inability to make 
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sense of written text. In other words, until the reader is unable to decode words and recognize them, s/he is unable to 
utilize the higher order processing skills required to extract meaning from written text, and it falsely appears that 
s/he does not know the meaning of the word.  
Much of the subsequent research on reading and spelling difficulties can be characterized as aiming to identify 
whether there are additional deficits beyond the documented problems of phonological processing seeking to clarify 
whether the additional deficits are required to describe the problems of children with dyslexia and below-average 
readers (e.g., Gathercole & Baddeley, 1993; Wolf, 2001; Wolf & Bowers, 1999). Examples of this latter approach 
include theories concerning possible perceptual–motor automaticity (e.g., Fawcett & Nicolson, 1994), visual- 
perceptual deficits (e.g., Stein, Talcott, & Witton, 2001), verbal memory and rapid naming deficits (e.g., Savage & 
Frederickson, 2005). This research activity has centred on the nature and existence of these additional deficits and 
their relationship to phonological awareness (e.g., Wolf & Bowers, 1999). 
Two putative additional deficits in dyslexic children have been proposed, among which rapid automatic naming, 
and working memory deficits have received much attention.  
1.2. Rapid Automatic Naming 
The influential rapid automatic naming (RAN) theory holds that in addition to phonological processing 
problems, dyslexic children may also experience difficulties in making word learning automatic (Manis, Doi, & 
Bhadha, 2000; Wolf & Bowers, 1999). In current RAN theory, a rate-limiting factor is assumed to be common both 
to the processes underlying speeded naming and to the quality and accessibility of orthographic representations 
established in the lexicon during reading acquisition. Consequently, dyslexic children show particular difficulty in 
tasks requiring speeded and serial access to – and retrieval of – verbal labels for visually presented stimuli (Wolf & 
Bowers, 1999). 
Although until recently researchers like Torgesen and colleagues (Torgesen, Wagner, Rashotte, Burgess, & 
Hecht, 1997) have considered the RAN test as a measure that assesses language skill that is part of a broad family of 
phonological tasks, Wolf (2001) has argued to the contrary emphasizing the fact that RAN skills tap abilities other 
than phonological processing skills. For example, newer theories hold that RAN should best be seen as a measure of 
a complex naming process that requires the coordination of attentional, perceptual, conceptual, memory, lexical, and 
articulatory subprocesses (e.g., Cornwall, 1992; Wolf, Bowers, & Biddle, 2000). For this reason, Wolf and 
colleagues (Wolf et al., 2000) has seen RAN as an additional deficit that is somewhat independent of phonological 
processing deficits. Wolf and colleagues (e.g., Wolf & Bowers, 1999; Wolf & O’Brien, 2001) also argued that 
children with phonological deficits and RAN deficits will be doubly disadvantaged in reading and spelling 
acquisition (over children with only one deficit). When compared with children categorized as having only one 
deficit, children with both RAN and phonological processing deficits were indeed found to be significantly poorer at 
reading and spelling than children with only phonological processing deficits (e.g., Wolf & Bowers, 1999; Wolf & 
O’Brien, 2001).  
 Some recent evidence has also suggested that RAN effects are relatively modest in nature. Pennington, Cardoso-
Martins, Green, and Lefly (2001) contrasted RAN and phonological processing difficulties in below-average readers 
and reading- and chronological-age controls. Noting that control for age differences between average and below 
average readers might be responsible for some of the RAN effects reported in some previous studies, they sought to 
control this factor. IQ was also controlled for, as the two samples in their study differed on this extraneous variable. 
Pennington et al. (2001) reported that modest independent effects of RAN across average and below-average reader 
groups survived a covariance analysis (p < .05), but that the effects of phonological processing were apparently 
much more robust (p < .01) and they concluded that the phonological hypothesis offers a more parsimonious 
account of these results than the double-deficit hypothesis. Finally, these researchers claimed that RAN effects are 
small in relation to phonologically based decoding problems might be best confirmed by exploring the strength of 
effects on a common and widely used metric.  
1.3. Short-Term and Working Memory Deficits 
A second model of reading delay proposed by several other researchers (e.g., Das, 1995; Das, Gergiou, Janzen, 
2008; Mahapatra, Das, Stack-Cutler & Parrila (2010) is based on short-term and working memory. Short-term 
memory (STM) may be distinguished from working memory (WM) in that STM is usually viewed as a passive store, 
whereas WM contains both ongoing processing and storage components. Much research is consistent with the 
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notion that dyslexic children and below average readers experience both STM and WM delays (e.g., Gathercole & 
Baddeley, 1993; Gathercole, Willis, & Baddeley, 1991) and supports the independence of working memory and 
phonological processes (e.g., Gathercole et al., 1991). This line of research has successfully documented above of all 
that the performance of the children with dyslexia varies across the three components of the working memory 
system even with language systems other than English, such that, children with dyslexia: (1) have poor phonological 
loop performance, finding that supports the view that children with dyslexia have pronounced difficulties with the 
repetition of unfamiliar phonological forms; (2) demonstrate relatively unimpaired visuo-spatial sketchpad 
performance, and (3) demonstrate very poor central executive performance (Swanson, 2000). This line of research 
suggests the hypothesis that working memory is useful in providing a description of the deficits (and strengths) 
found in dyslexia, in addition to phonological deficits.  
The present study sought to explore the following research questions: Is the performance of dyslexic children 
below that of normal children in the RAN-digit task? Is the performance of dyslexic children below that of normal 
children in indices of STM and WM? What is the relationship between RAN-digit and WM in the prediction of 
word reading and reading comprehension? Do RAN-digit and WM predict word reading and reading comprehension 
beyond and above phonological awareness? 
2. Method 
2.1. Participants 
Participants were 60 children, all males, 30 children diagnosed with developmental dyslexia and 30 normal 
children. To control for socio-economic conditions the children in the comparison group were chosen from the same 
schools and classes of dyslexic children. Considering a normal distribution of dyslexia in the Iranian population of 
school children the participants were chosen through a random cluster sampling procedure and according to the 
following steps of selection: First, from 19 school districts of the City of Tehran, children were chosen in a random 
fashion from school districts 6, 9, 12, 14, 16, and 18. Then, in each school district two boys’ schools were randomly 
chosen. Second, in each of the selected schools, the teachers were asked to refer those children with reading 
difficulties (word reading fluency and text comprehension) and whose reading level were lower than that of their 
classmates. At the end of this step, 60 children were referred. Third, the referred children were individually 
interviewed based on DSM-IV diagnostic criteria for reading disorder to secure (1) verbal intelligence > 75; (2) 
reading achievement lower than expected (at least one standard deviation lower than their verbal intelligence); (3) 
absence of emotional problems, and speech and hearing difficulties. In addition, following Shaywitz, Morris, and 
Shaywitz, (2008) recommendations, diagnosis of dyslexia was also based on phonological awareness (rhyming, 
phoneme recognition and phoneme omission) and reading ability (word recognition and reading comprehension). 
Finally, all children spoke Farsi language (preferably as their first language) and all were right-handed. After 
considering the above inclusion criteria a group of 31 children, who represent the children with developmental 
dyslexia in the present study, were chosen from among 60 candidates which in turn were chosen from among 500 
school children.  
2.2. Measures 
2.2.1. The Wechsler Intelligent Scale for Children (WISC-R). The Farsi version of the verbal scales of this test 
battery (Shahim, 1994), were used in the present research to assess children’s verbal intelligence. Inter-scale 
correlation coefficients among 6 non-verbal and 6 verbal subscales range from .24 to .69. Also, test-retest reliability 
coefficients range from .44 to .94 for the verbal 6 subscales used in the present study. t-test analysis did not reveal 
significant difference between mean scores of the dyslexic (M = 107.13; SD = 6.23) and normal (M = 107.13; SD = 
5.93) groups of participants.  
2.2.2. The Strengths and Difficulties Questionnaire (SDQ. The Farsi version of the SDQ (Gharehbaghi & 
Aguilar-Vafaie, 2009) was used to assess the presence affective psychopathology in the participants of this study, 
specially, dyslexic children. The standard SDQ (Goodman, 2001) proposes a five-factor structure for the assessment 
of adolescents’ behavioral and emotional problems as well as behavioral strengths, such that it includes four 
problem subscales (emotional symptoms, conduct problems, hyperactivity /inattention, and peer problems) and one 
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prosocial behavior scale. A difficulties score was derived from the emotional symptoms sub-scale for the present 
study. t-test analysis did not reveal significant difference between mean scores of the dyslexic (M = 10.80; SD = 
1.01) and normal (M = 10.60; SD = 1.12) groups of participants.  
2.2.3. The Word Reading Test. The Word Reading Test (Soltani, 2003) is a 60 word test which assesses the 
child’s ability to read high frequency regular words (20 words), medium frequency regular words (20 words) and 
low frequency regular words (20 words) allotting 10 seconds per word. If a word is not read the word is scored as 
not read. The scores range from 0 to 60. For each word that is read mistakenly, one point is subtracted from the total 
of 60 points and then scores are transformed to percentage scores. Reported alpha coefficient of internal consistency 
for this test is .72.  
2.2.4. The Non-Word Reading Test. The Non-Word Reading Test designed and validated by Shirazy and Nilipour 
(2002) provides two non-words for practice and 40 1-syllable and 2-syllable non-words with a time limit of 12 
seconds to read each non-word and in case of not being successful, the next word is presented. After 6 consecutive 
errors, the test is interrupted. For each non-word that is read mistakenly, one point is subtracted from the total of 40 
points and then scores are transformed to percentage scores.  
2.2.5. The Text Reading Test. The Text Reading Test assesses reading comprehension in Farsi language 
computing a score that is derived from reading accuracy and speed according to scoring instructions given in the test 
instructions (Shirazy & Nilipour, 2002). This test includes one text for practice and two main texts. The scores for 
the text used in the present study ranges from 0 to 8 points. In terms of psychometric properties of this test, high 
correlations between two texts in reading accuracy (r = .87) and reading speed (r = .94) have been reported (Shirazy 
& Nilipour, 2002). Appropriate content validity of this test has been evaluated by teachers and three linguists 
(Shirazy & Nilipour, 2002).  
2.2.6. The Phonological Awareness Test. The Phonological Awareness Test (Dastjerdi & Soleimani, 2002) 
assesses phonological skills at three levels: phoneme awareness, syllable awareness and awareness of elements 
within a syllable and was developed with 203 children (110 girls and 201 boys) aged 4 – 11 years from pre- and 
primary schools from the City of Tehran. Convergent validity of this test has been assessed via correlations with two 
tests evaluating word discrimination (r = .56) and phoneme analysis (r = .61) by Hassanzadeh and Minai (2000) 
reported by Dastjerdi and Soleimani (2002). In this study only the rhyming awareness were used. In this the child is 
asked to recognize 20 pairs of words some rhyming (10 words) and some others not rhyming (10 words) in a period 
of 2 minutes. Reliability of this test is reported with an alpha coefficient of internal consistency of .98 (Khosro 
Javid, 2009). For each non-word that is read mistakenly, one point is subtracted from the total of 20 points and then 
scores are transformed according to manual instructions.  
2.2.7. The Digit Naming Speed test. The Digit Naming Speed test (Denkela & Rudel, 1974) was used as a 
measure of naming speed which has been used with dyslexic children in the past (Denkela & Rudel, 1976). This test 
uses the numbers 1, 2, 3, 4, 5, 6, 8, and 9. Fifty numerals are presented in a single line, with a space after each block 
of five numerals. The times from two trials are averaged. Time in seconds to name the 50 items in the display is 
recorded. The speed score is computed by dividing the number of items read by the time recorder. Although 
standardized scores are provided for Western children ages 6 to 15 years, in the present study raw scores were used 
to compute speed. 
2.2.8. Short-Term Memory Test. In the Recall of Digits Forward test from the British Abilities Scales–II (BAS; 
Elliott, Smith, & McCulloch, 1996), the child repeats, in the order of presentation, a sequence of digits presented 
orally. In the present study nine sets of digits were used to be recalled twice, thus yielding a possible score from 0 to 
18. The sets of digits were presented in increasing levels of difficulty starting with two digits and ending on 7 digits. 
This test can be considered a short-term memory test, as it taps short-term storage in the phonological loop of the 
working memory model (Baddeley, Gathercole, & Popagno, 1998). Internal consistency reliability figures in the 
range .83 – .88 have been reported for children ages 7 to 11 years.  
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2.2.9. Working Memory Test. The Counting Recall Test (Alloway, Gathercole, Pickering, 2009) is a measure of 
working memory and is one of a number of tests included in the Automatic Working Memory Assessment (AWMA) 
designed for children 4-11 years of age. In the Counting Recall Test, in each presentation card triangles and circles 
are arranged in random fashion and in varying quantities, the blue triangles are distractors and the red circles are the 
targets. These cards are presented sequentially in blocks from 1 to 9 cards, the child is asked to count the number of 
targets in each card for a given block and then repeat out loud the number of targets in each card in the same order 
of appearance. Scoring is based on the number of correct recalled n-back sequences which are recorded in a grading 
sheet before the test begins. In the present study nine sets of cards were used in two trials each, thus yielding a 
possible score from 0 to 18. The counting recall test is a valid measure of working memory (Gathercole, Pickering, 
Ambridge, & Wearing, 2004). Test-retest reliability of this measure is .79 and split-half reliability is .71 (Alloway et 
al., 2009).  
2.3. Procedure 
All participants were tested individually and data collection lasted for three months. Teachers SDQ evaluations 
and demographic and medical information was collected from parents prior testing of children. In one session 
lasting approximately 30 minutes, children were administered the rapid naming test and the short-term and working 
memory tests.  
3. Results 
3.1. Descriptive Statistics Results 
Table 1 presents the descriptive statistics for all the measures used in the study. An initial examination of the 
distributional properties of the measures revealed that reading comprehension and word reading were moderately 
skewed. Log transformation was used to achieve normality (Tabachnick & Fidell, 2001).  
Table 1. Descriptive statistics for all the measures used in the study for Normal (n =31)
and Dyslexic Children (n =31)
M SD 
Normal Dyslexic Normal Dyslexic 
Counting Recall - WM  9.97 4.74 1.49 1.65 
Forward Recall – STM 9.61 6.23 1.67 1.18 
Ran-digit 1.90 1.29 .30 .14 
Rhyming – Ph. A. 114.22 23.53 7.41 37.70 
Non-word reading-Ph. A. 105.52 6.29 3.69 22.05 
Word Reading  106.98 24.43 2.07 27.46 
Reading Comprehension  6.48 4.06 .89 1.61 
Further t-test computations reveal significant differences between normal and dyslexic children in all variables 
measured. These results are presented in Table 2. 
Table 2. Group differences in variables of research for Normal (n =31) and Dyslexic (n =31) Children
Variable t-test (60) Sig. 
Counting Recall - WM  13.06 .0001 
Forward Recall – STM  9.27 .0001 
Ran-digit 10.37 .0001 
Rhyming  14.14 .0001 
Non-word reading 24.71 .0001 
Word Reading 16.69 .0001 
Reading Comprehension  7.32 .0001 
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3.2. Correlations between different measures 
Table 3. Correlations between all the measures in the study
 1. 2. 3. 4. 5. 6. 7. 
1. Counting Recall - WM  -  .49**  -.04  -.30  -.27  -.10  .58** 
2. Forward Recall – STM  .21 -  -.02  -.04  -.23  -.04  .36* 
3. Ran-digit  .07 -.10 -  .20  .00  .26  -.07 
4. Rhyming   .08 -.13  .33 -  .24  .55**  -.37* 
5. Non-word reading -.19  .04  .24  .32 -  .34  -.06 
6. Word Reading -.27  .11  .23  .31  .77** -  -.29 
7. Reading 
Comprehension
-.14  .38*  .03  .11  .58**  .57** - 
Notes: Correlations for normal children are below the diagonal and correlations for dyslexic children are above 
the diagonal. 
* p<.05; **p<.01 
3.3. Regression Analyses 
Table 4. Results of hierarchical regression analyses
 Word Reading Reading Comprehension 
Step Variable  R2  R2
1. 
2. 
3. 
RAN-digit 
Counting Recall-WM 
Forward Recall-STM 
Group 
.758
.307
.210
-.161 
.574*** 
.698*** 
.827*** 
.545
.430
.320
-.161 
.300*** 
.556*** 
.560 n.s. 
1. 
2. 
3. 
Counting Recall-WM 
Forward Recall-STM 
RAN-Digit 
Group 
.561
.261
.061
-.893 
.608*** 
.698 n.s. 
.827*** 
.466
.325
.061
-.161 
.554*** 
.556 n.s. 
.560 n.s. 
1. 
2. 
3. 
Rhyming – Ph. A. 
Non-Word Reading 
RAN-digit 
Group 
.443
.529
.066
-.232 
.878*** 
.880 n.s. 
.884 n.s. 
-.321 
.930
.163
-.887 
.455*** 
.465 n.s. 
.525** 
1. 
2. 
3. 
Rhyming – Ph. A. 
Non-Word Reading 
Counting Recall 
Forward Reading 
Group 
.443
.529
.094
.024
-.177 
.878*** 
.883 n.s. 
.884 n.s. 
-.321 
.930
.360
.316
-.201 
.455*** 
.601*** 
.603 n.s. 
1. 
2. 
3. 
4. 
Rhyming – Ph. A. 
Non-Word Reading 
RAN-Digit 
Counting Recall 
Forward Reading 
Group 
.443
.529
.066
.082
.026
-.158 
.878*** 
.880 n.s. 
.883 n.s 
.885 n.s. 
-.321 
.930
.163
.344
.319
-.172
.455*** 
.465 n.s. 
.602*** 
.604 n.s.. 
1. 
2. 
3. 
4. 
Rhyming – Ph. A. 
Non-Word Reading 
Counting Recall 
Forward Reading 
RAN-Digit 
Group 
.443
.529
.094
.024
.045
-.158 
.878*** 
.883 n.s. 
.883 n.s. 
.885 n.s. 
-.321 
.930
.360
.316
.062
-.172
.455*** 
.601 n.s. 
.602 n.s. 
.604 n.s. 
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4. Discussion 
Significant differences were obtained between dyslexic and normal children in agreement with theoretical 
postulations, in all variables targeted for the study, including phonological skills, RAN-digit, short-term memory 
and working memory. Of particular importance is the finding about RAN-digit which suggests the validity of this 
test in the identification of dyslexic children. Also, regarding forward and counting recall the present findings 
provide important information on the utility of these constructs in the identification of dyslexic children.  
Findings from the present research also indicate that RAN-digit performance is a predictor of reading 
comprehension and word reading when entered first in regression analysis; however when entered after Rhyming 
and Non-word reading, it was not a significant predictor of word reading not reading comprehension criterion 
measures. This finding suggests a highly specific role of RAN-digit skill and is in line with Pennington and 
colleagues (Pennington et al., 2001) suggestions about the modest contribution of RAN measures in relation to 
phonological skills in the prediction of reading ability.  
Another question of the present research addressed the role of working memory and short-term memory in the 
prediction of word reading and reading comprehension beyond the role of phonological skills. The present findings 
do indicate that not only short-term memory and working memory are direct predictors when entered first in the 
equation, but also, contribute significantly above and beyond phonological skills in the prediction of reading 
comprehension. This finding is in agreement with recent research which indicates the role of cognitive processes, 
specially attention, other than phonological factors, in developmental dyslexia (Das, 1995; Share & Stanovich, 
1995) and support present theoretical postulations (Das & Papadopoulos, 1998; Nicholson & Fawcett, 1995; 
Shaywitz et al., 2008).  
Finally, findings from the present research indicate that RAN-digit performance is a predictor of reading 
comprehension and word reading when entered first in regression analysis; however, when RAN-digit was entered 
after STM and WM measures it did not significantly contribute to explain variance in these two criterion measures. 
This finding is in agreement These findings are in agreement with PASS theory which assumes that RAN 
performance represents lower-level processing which may enhance working memory performance (e.g., Amtmann, 
Abbott & Berninger, 2007; Das et al., 2008; Mahapatra et al., 2010) and previous research which has demonstrated 
the independence of the RAN-digit and phonological processing tasks in the discrimination of small groups of 
below-average readers from average readers and spellers from typical public school classrooms (Savage & 
Frederickson, 2005). Whereas digit RAN was a unique predictor of individual variance in spelling, even after 
phonological processing was considered, this was not the case for reading. This finding has been replicated with 
much larger samples of below average readers (Savage & Frederickson, 2006). Wolf and Bowers (1999) have 
argued that alphanumeric RAN effects are strongest among samples of dyslexics and other poor readers.  
Considering the ambiguous status of the type of orthography of the Farsi language (Michaeli, 2005), having a 
transparent or opaque orthography, it is suggested that measures of phonological awareness be assessed 
simultaneously with reading and spelling criterion measures. Research suggests that phonological awareness may be 
more closely linked to spelling than reading in languages with transparent orthographies (Furnes & Samuelson, 
2010); however, to the present time this issue remains to be further studied. Second, the consideration of Rapid 
Alternating Stimulus (RAS) versions of the RAN (Wolf & Denckela, 2008), various scoring indices like error rates, 
correct responses, and the like could yield different findings. 
References 
Amtmann, D., Abbott, R., & Berninger, V. (2007). Mixture growth models for RAN and RAS row by row: Insight into the reading system at 
work over time. Reading and Writing: An Interdisciplinary Journal, 20, 785-813.
Alloway, T., Gathercole, S. E., & Pickering, S. J. (2009). Automatic Working Memory Assessment (AWMA). London, UK: Working Memory and 
Learning. 
Baddeley, A. D., Gathercole, S. E., & Popagno, C. (1998). The phonological loop as a language learning device. Psychological Review, 105, 158–
173. 
Cornwall, A. (1992). The relationship of phonological awareness, rapid naming, and verbal memory to severe reading and spelling. Journal of 
Learning Disabilities, 25, 532–538.  
Das, J. P. (1995). Is there life after phonology coding? Issues in Education, 1, 87-90.  
Das, J. P., Gergiou, G., & Janzen, D. (2008). Influence of distal and proximal cognitive processes on word reading. Reading Psychology, 29, 366-
393. 
 Maria E. Aguilar-Vafaie/ Procedia – Social and Behavioral Sciences 00 (2011) 000–000 
Das, J. P., & Papadopoulos, T. C. (1998). Cognitive and phonological processes affecting response to remediation of word-reading difficulty.
Paper presented at the 59th Annual CPA Conference in Edmonton, Alberta, Canada.  
Dastjerdi, M., & Soleimani, Z. (2002). Phonological Awareness Test. Iranian Institute of Education. Tehran: IR Iran: Special Education Research 
Center Press 
Denkela, M. B., & Rudel, R. G. (1974). Rapid automatized naming of pictured objects, colors, letters, and numbers  by normal children. Cortex,
10, 186-202. 
Denkela, M. B., & Rudel R. G. (1976). Rapid Automatized Naming (R.A.N): Dyslexia differentiated from other  learning disabilities.
Neuropsychologia, 14, 471-479.
Elliott, C. D., Smith, P., & McCulloch, K. (1996). British Ability Scales II. Windsor, Berkshire: NFER-Nelson. 
Fawcett, A. J., & Nicolson, R. I. (1994). Naming speed in children with dyslexia. Journal of Learning Disabilities, 27, 641–646.  
Furnes, B. & Samuelsson, S. (2010). Predicting reading and spelling difficulties in transparent and opaqu  orthographies: A comparison between 
Scandinavian and U.S./Australian children. Dyslexia, 16, 119-142. 
Gharehbaghy, F., & Aguilar-Vafaie, M. (2009). Psychometric properties of Persian parent and teacher versions of the trengths and difficulties 
questionnaire in a sample of Iranian children. Iranian Journal of Psychiatry and Clinical Psychology, 15(3), 231-241. 
Gathercole, S. & Alloway, T. (2005). Working memory and neurodevelopmental disorders. New York, NY: Psychology Press. 
Gathercole, S., & Baddeley, A. D. (1993). Working memory and language. Hove, UK: Erlbaum. 
Gathercole, S. E., Willis, C., & Baddeley, A. D. (1991). Differentiating phonological memory and awareness of rhyme: Reading and vocabulary 
development in children. British Journal of Psychology, 82, 387–406. 
Gathercole, S. E., Pickering, S. J., Ambridge, B., & Wearing, H. (2004). The structure of working memory from 4 to 15 years of age. 
Developmental Psychology, 40, 177-190.
Goodman, R. (2001). Psychometric properties of the Strengths and Difficulties Questionnaire (SDQ). Journal of the  American Academy of Child 
and Adolescent Psychiatry, 40, 1337-1345. 
Khosro Javid, M. (2009). Effectiveness of blachman’s phonological awareness evidence-based intervention in the improvement of reading ability 
of Farsi speaking dyslexic children. Unpublished doctoral dissertation, Tarbiat Modares University, Tehran, Islamic Republic of Iran.  
Mahapatra, S., Das, J. P., Stack-Cutler, H. & Parrila, R. (2010). Remediating reading comprehension difficulties: A cognitive processing  
approach. Reading Psychology, 31(5), 428–453. 
Manis, F. R., Doi, L. M., & Bhadha, B. (2000). Naming speed, phonological awareness and orthographic knowledge in second graders. Journal of 
Learning Disabilities, 33, 325–333.
Miles, E. (1995). Can there be a single definition of dyslexia? Dyslexia, 1, 37-45. 
Michaeli, F. (2005). Investigation of the phonological model of reading among dyslexic mono-lingual and bilingual 8 -10 year old children in 
Tehran and Tabriz cities. Unpublished doctoral dissertation, Teachers’ Training University, Tehran, Islamic Republic of Iran. 
Nicolson, R. I., & Fawcett, A. J. (1995). Dyslexia is more than phonological disability. Dyslexia, 1, 19–36. 
Pennington, B. F., Cardoso-Martins, C., Green, P. A., & Lefly, D. L. (2001). Comparing the phonological and  double deficit hypotheses for 
developmental dyslexia. Reading and Writing: An Interdisciplinary Journal, 14, 707–755.
Pickering, S. J., & Gathercole, S. E. (2005). Working memory deficits in dyslexia: are they located in the phonological loop, visuo-spatial 
sketchpad or central executive? In S. Gathercole & T. Alloway (Eds.). Working Memory and Neurodevelopmental Disorders (pp. 11-77), 
NY: Psychology Press. 
Savage, R. S., & Frederickson, N. (2005). Evidence of a highly specific relationship between automatic naming of  digits and text-reading speed. 
Brain and Language, 93, 152–159.  
Savage, R. S., & Frederickson, N. (2006). Beyond phonology: What else is needed to describe the problems of below-average readers and 
spellers? Journal of Learning Disabilities, 39, 399-413. 
Shahim, S. (1994). Standardization of the revised Wechsler Intelligence Scale for Children (WISC-R). Unpublished master's thesis, University of 
Shiraz, Shiraz, Islamic Republic of Iran. 
Share, D. L., & Stanovich, K. E. (1995). Cognitive processes in early reading development: Accommodating  individual differences into a model 
of acquisition. Issues in Education, 1, 1-57.  
Shaywitz, S. E., Morris, R., & Shaywitz, B. A. (2008). The education of dyslexic children from childhood to young  adulthood. Annual Review of 
Psychology, 59, 451-475. 
Shaywitz, S. E., Shaywitz, B. A., Fulbright, R. K., Skudlarski, P., Mencl, W. E., Constable, R. T., et al. (2003). Neural systems for compensation 
and persistence: Young adult outcome of childhood reading disability. Biological Psychology, 54, 25-33.  
Shaywitz, S. E, Shaywitz, B. A. (2005). Dyslexia (specific reading disability). Biological Psychiatry, 57, 1301-1039.  
Shaywitz, S. E, Shaywitz, B. A. (2007). The neurobiology of reading and dyslexia. ASHA Leader, 12, 20-21. 
Shirazy, S., & Nilipour, R. (2002). Reading diagnostic test. Unpublished master's thesis, Health and Rehabilitation University, Tehran, Islamic 
Republic of Iran. 
Soltani, M. (2003). Symptoms and classification of Farsi speaking dyslexic children. Unpublished master’s thesis, University of Tehran, Iran. 
Stein, J. F., Talcott, J. B., & Witton, C. (2001). The sensorimotor basis of developmental dyslexia. In A. Fawcett (Ed.), Dyslexia: Theory and good 
practice (pp. 65-88). London, UK: Whurr. 
Swanson, H. L. (2000). Reading comprehension and working memory in learning-disabled readers: Is the  phonological loop more important than 
the central executive system? Journal of Experimental Child Psychology,72, 1-31. 
Tabachnick, B. G., & Fidell, L. S. (2001). Using multivariate statistics. Boston: Allyn & Bacon.  
Torgesen, J. K., Wagner, R. K., Rashotte, C. A., Burgess, C., & Hecht, S. (1997). Contributions of phonological  awareness and rapid automatic 
naming ability to the growth of word-reading skills in second-to-fifth  grade children. Scientific Studies of Reading, 1, 161–185.
Wolf, M. (Ed.). (2001). Dyslexia, fluency, and the brain. Timonium, MD: York Press. 
Wolf, M., & Bowers, P. G. (1999). The double-deficit hypothesis for the developmental dyslexias. Journal of Educational Psychology, 91, 415-
438. 
Wolf, M., Bowers, P. G., & Biddle, K. (2000). Naming-speed processes, timing and reading: A conceptual Review. Journal of Learning 
Disabilities, 33, 387–407.
21Maria E. Aguilar-Vafaie et al. / Procedia - Social and Behavioral Sciences 32 (2012) 14 – 21
 Maria E. Aguilar-Vafaie/ Procedia – Social and Behavioral Sciences 00 (2011) 000–000 
Das, J. P., & Papadopoulos, T. C. (1998). Cognitive and phonological processes affecting response to remediation of word-reading difficulty.
Paper presented at the 59th Annual CPA Conference in Edmonton, Alberta, Canada.  
Dastjerdi, M., & Soleimani, Z. (2002). Phonological Awareness Test. Iranian Institute of Education. Tehran: IR Iran: Special Education Research 
Center Press 
Denkela, M. B., & Rudel, R. G. (1974). Rapid automatized naming of pictured objects, colors, letters, and numbers  by normal children. Cortex,
10, 186-202. 
Denkela, M. B., & Rudel R. G. (1976). Rapid Automatized Naming (R.A.N): Dyslexia differentiated from other  learning disabilities.
Neuropsychologia, 14, 471-479.
Elliott, C. D., Smith, P., & McCulloch, K. (1996). British Ability Scales II. Windsor, Berkshire: NFER-Nelson. 
Fawcett, A. J., & Nicolson, R. I. (1994). Naming speed in children with dyslexia. Journal of Learning Disabilities, 27, 641–646.  
Furnes, B. & Samuelsson, S. (2010). Predicting reading and spelling difficulties in transparent and opaqu  orthographies: A comparison between 
Scandinavian and U.S./Australian children. Dyslexia, 16, 119-142. 
Gharehbaghy, F., & Aguilar-Vafaie, M. (2009). Psychometric properties of Persian parent and teacher versions of the trengths and difficulties 
questionnaire in a sample of Iranian children. Iranian Journal of Psychiatry and Clinical Psychology, 15(3), 231-241. 
Gathercole, S. & Alloway, T. (2005). Working memory and neurodevelopmental disorders. New York, NY: Psychology Press. 
Gathercole, S., & Baddeley, A. D. (1993). Working memory and language. Hove, UK: Erlbaum. 
Gathercole, S. E., Willis, C., & Baddeley, A. D. (1991). Differentiating phonological memory and awareness of rhyme: Reading and vocabulary 
development in children. British Journal of Psychology, 82, 387–406. 
Gathercole, S. E., Pickering, S. J., Ambridge, B., & Wearing, H. (2004). The structure of working memory from 4 to 15 years of age. 
Developmental Psychology, 40, 177-190.
Goodman, R. (2001). Psychometric properties of the Strengths and Difficulties Questionnaire (SDQ). Journal of the  American Academy of Child 
and Adolescent Psychiatry, 40, 1337-1345. 
Khosro Javid, M. (2009). Effectiveness of blachman’s phonological awareness evidence-based intervention in the improvement of reading ability 
of Farsi speaking dyslexic children. Unpublished doctoral dissertation, Tarbiat Modares University, Tehran, Islamic Republic of Iran.  
Mahapatra, S., Das, J. P., Stack-Cutler, H. & Parrila, R. (2010). Remediating reading comprehension difficulties: A cognitive processing  
approach. Reading Psychology, 31(5), 428–453. 
Manis, F. R., Doi, L. M., & Bhadha, B. (2000). Naming speed, phonological awareness and orthographic knowledge in second graders. Journal of 
Learning Disabilities, 33, 325–333.
Miles, E. (1995). Can there be a single definition of dyslexia? Dyslexia, 1, 37-45. 
Michaeli, F. (2005). Investigation of the phonological model of reading among dyslexic mono-lingual and bilingual 8 -10 year old children in 
Tehran and Tabriz cities. Unpublished doctoral dissertation, Teachers’ Training University, Tehran, Islamic Republic of Iran. 
Nicolson, R. I., & Fawcett, A. J. (1995). Dyslexia is more than phonological disability. Dyslexia, 1, 19–36. 
Pennington, B. F., Cardoso-Martins, C., Green, P. A., & Lefly, D. L. (2001). Comparing the phonological and  double deficit hypotheses for 
developmental dyslexia. Reading and Writing: An Interdisciplinary Journal, 14, 707–755.
Pickering, S. J., & Gathercole, S. E. (2005). Working memory deficits in dyslexia: are they located in the phonological loop, visuo-spatial 
sketchpad or central executive? In S. Gathercole & T. Alloway (Eds.). Working Memory and Neurodevelopmental Disorders (pp. 11-77), 
NY: Psychology Press. 
Savage, R. S., & Frederickson, N. (2005). Evidence of a highly specific relationship between automatic naming of  digits and text-reading speed. 
Brain and Language, 93, 152–159.  
Savage, R. S., & Frederickson, N. (2006). Beyond phonology: What else is needed to describe the problems of below-average readers and 
spellers? Journal of Learning Disabilities, 39, 399-413. 
Shahim, S. (1994). Standardization of the revised Wechsler Intelligence Scale for Children (WISC-R). Unpublished master's thesis, University of 
Shiraz, Shiraz, Islamic Republic of Iran. 
Share, D. L., & Stanovich, K. E. (1995). Cognitive processes in early reading development: Accommodating  individual differences into a model 
of acquisition. Issues in Education, 1, 1-57.  
Shaywitz, S. E., Morris, R., & Shaywitz, B. A. (2008). The education of dyslexic children from childhood to young  adulthood. Annual Review of 
Psychology, 59, 451-475. 
Shaywitz, S. E., Shaywitz, B. A., Fulbright, R. K., Skudlarski, P., Mencl, W. E., Constable, R. T., et al. (2003). Neural systems for compensation 
and persistence: Young adult outcome of childhood reading disability. Biological Psychology, 54, 25-33.  
Shaywitz, S. E, Shaywitz, B. A. (2005). Dyslexia (specific reading disability). Biological Psychiatry, 57, 1301-1039.  
Shaywitz, S. E, Shaywitz, B. A. (2007). The neurobiology of reading and dyslexia. ASHA Leader, 12, 20-21. 
Shirazy, S., & Nilipour, R. (2002). Reading diagnostic test. Unpublished master's thesis, Health and Rehabilitation University, Tehran, Islamic 
Republic of Iran. 
Soltani, M. (2003). Symptoms and classification of Farsi speaking dyslexic children. Unpublished master’s thesis, University of Tehran, Iran. 
Stein, J. F., Talcott, J. B., & Witton, C. (2001). The sensorimotor basis of developmental dyslexia. In A. Fawcett (Ed.), Dyslexia: Theory and good 
practice (pp. 65-88). London, UK: Whurr. 
Swanson, H. L. (2000). Reading comprehension and working memory in learning-disabled readers: Is the  phonological loop more important than 
the central executive system? Journal of Experimental Child Psychology,72, 1-31. 
Tabachnick, B. G., & Fidell, L. S. (2001). Using multivariate statistics. Boston: Allyn & Bacon.  
Torgesen, J. K., Wagner, R. K., Rashotte, C. A., Burgess, C., & Hecht, S. (1997). Contributions of phonological  awareness and rapid automatic 
naming ability to the growth of word-reading skills in second-to-fifth  grade children. Scientific Studies of Reading, 1, 161–185.
Wolf, M. (Ed.). (2001). Dyslexia, fluency, and the brain. Timonium, MD: York Press. 
Wolf, M., & Bowers, P. G. (1999). The double-deficit hypothesis for the developmental dyslexias. Journal of Educational Psychology, 91, 415-
438. 
Wolf, M., Bowers, P. G., & Biddle, K. (2000). Naming-speed processes, timing and reading: A conceptual Review. Journal of Learning 
Disabilities, 33, 387–407.
 Maria E. Aguilar-Vafaie/ Procedia – Social and Behavior l Sci nces 00 (2011) 000–000  
Wolf, M., & O’Brien, B. (2001). On issues of time, fluency and intervention. In A. Fawcett (Ed.), Dyslexia: Theory  and good practice (pp. 124–
140). London: Whurr Publisher. 
Wolf, M., Denckela, M. (2008). Rapid Automatic Naming and Rapid Alternating Stimulus Test (RAN/RAS), Manual, PAR, Inc.
